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The aim of this work was to evaluate the morphology and asymmetry of the
ovale and spinous foramina. Examinations were carried out on 102 mediaeval
and 85 contemporary male skulls. In both groups there predominated individu-
als who had died at mature (maturus) and adult (adultus) age. Radiological im-
ages in occipital projection were used in the study. Areas of the foramina ovale,
distances between both openings and the distance from the midline running
through the middle of the occipital foramen were calculated by means of PC
software. The spinal foramen area could not be measured because of the too
small surface accessible to the PC software used in our study. Correlation be-
tween the above measurements and cranial indexes (width-length and height-
-length) were calculated.
Significant variety of the ovale and spinous foramina in size, shape, relation to
each other and to the midline were analysed. Asymmetry of structure and loca-
tion was observed in both examined groups of skulls. No cases of the lack of the
ovale and spinous foramina were stated.
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INTRODUCTION
Symmetry and asymmetry have always been an
interesting subject of study of scientists of different
fields, i.e. anatomists, anthropologists, orthopaedists,
neurologists and others. They analysed the asymme-
try of the length and weight of long bones [5] and
the asymmetry of the skull [2, 4–8, 10, 15, 16] and
face, paying attention to its soft tissues — muscles
and thickness of the fatty folds [2, 14].
As with most vertebrates, a human is built ac-
cording to bilateral asymmetry. In the early stages
of ontogenesis the first symptoms of asymmetry
appear gradually i.e.: numerous differences in shape,
size or location of paired organs, such as the kid-
neys, lungs, hemispheres of the brain. Features of
the external structure confirm the presence of asym-
metry of the muscular and bony systems. Opinions
about the symmetry of the human body are divided.
Some scientists underline a distinct lateralisation of
human bodies but others say that asymmetry is
changeable and statistically not significant.
The aim of our work was to estimate the mor-
phology and asymmetry of the spinous and ovale
foramina in mediaeval and contemporary skulls and
the analysis of morphological changes of the medial
cranial fossa appearing over the ages. The foramina
were chosen for analysis because of their importance
in neurosurgery. They are used as orientation points
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of the infratemporal fossa, which can be easy iden-
tified both intra- and extra-cranially. Their topogra-
phy is used in operations of the cavernal sinus per-
formed by the lateral approach [1, 9, 13].
MATERIALS AND METHODS
Material of the study consisted of male skulls
— 102 mediaeval from the mediaeval cemetery in
Cedynia and 85 contemporary ones from the Cen-
tral Cemetery in Szczecin. The age of all skulls was
adultus and maturus. Only the skulls without dam-
age and pre-death changes in the region of the oc-
cipital bone and the base of the skull were used.
X-rays of the skulls were carried out in an occipital
projection in the scale of 1:1.
For further calculations a sagittal line through
the middle of the foramen magnum was done on
x-ray images. Software was used to calculate the
area of the foramen ovale, the distance between
both ovale foramina and the distance between the
spinous and ovale foramina and the orientation
point lying in the midline on the anterior margin
of the foramen magnum (Fig. 1). The area of the
spinous foramen was not calculated because of its
very small values, not measured by the software
we used. The length, height, and width of the skull
were measured according to Martin’s method. The
dependence between the three chosen anthropomet-
rical indexes and measurements of the spinus and ovale
foramina were calculated. Statistically significant
were values whose reality level was £ 0.05. The re-
sults we obtained were compared to those available
in literature.
RESULTS
In the spinous and ovale foramina great change-
ability of size, shape, relations to each other and to
the midline were observed (Tables 1, 2). A lack of sym-
metry was observed in both groups of skulls. No case
of undeveloped foramina was stated. On the basis of
statistical calculation the following results appear:
1. The area of the left foramen ovale is greater in
both groups of skulls (Fig. 2).
2. The distances between the ovale foramina are
longer on the left side in both groups (Fig. 3).
3. The distances between the spinous foramina are
longer on the left side in both groups (Fig. 4).
4. The distances between the anterior margin of the
foramen magnum in the sagittal line and the
ovale and spinous foramina are shorter on the
left side in both groups.
5. The distance between the midline and both fo-
ramina is shorter on the left side in both groups.
6. The strict correlation between areas of the fo-
ramina ovale and width-length and height-width
indexes is observed.
7. The distances between the foramen ovale and
the foramen spinosum and their distance from
Figure 1. Occipital projection in the scale 1:1. Distance between both ovale foramina and the distance between the spinousal ovale fo-
ramina and the orientation point lying in the midline on the anterior margin of the foramen magnum; f.o. — foramen ovale, f.s. — foramen
spinous, l.p.— sagittal line through the middle of the foramen magnum.
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Table 1. Mediaeval skulls
Mediaeval skulls Min-Max value Mean value Median value Std dev.
Area of the right ovale foramen 0.1–0.4 0.2 0.2 0.06
Area of the left ovale foramen 0.1–0.5 0.3 0.3 0.07
Distance between ovale and spinous foramina right 0.07–0.45 0.31 0.30 0.09
Distance between ovale and spinous foramina left 0.1–0.61 0.34 0.31 0.11
Distance between the ovale foramina and the midline right 2.55–3.75 3.50 3.49 0.23
Distance between the ovale foramina and the midline left 2.54–3.70 3.45 3.44 0.14
Distance between the spinous foramen and the midline right 2.83–3.85 3.23 3.20 0.25
Distance between the spinous foramen and the midline left 2.70–3.63 3.15 3.14 0.21
Table 2. Contemporary skulls
Contemporary skulls Min-Max value Mean value Median value Std dev.
Area of the right ovale foramen 0.1–0.4 0.2 0.2 0.06
Area of the left ovale foramen 0.1–0.5 0.3 0.3 0.07
Distance between ovale and spinous foramina right 0.05–0.45 0.31 0.30 0.09
Distance between ovale and spinous foramina left 0.06–0.60 0.34 0.31 0.11
Distance between the ovale foramina and the midline right 2.67–3.43 3.50 3.49 0.24
Distance between the ovale foramina and the midline left 2.58–3.35 3.45 3.44 0.15
Distance between the spinous foramen and the midline right 2.80–3.87 3.23 3.20 0.26
Distance between the spinous foramen and the midline left 2.27–3.85 3.15 3.14 0.20
Figure 2. Occipital projection in the scale 1:1. The area of the left foramen ovale is greater in both groups of skulls; f.o. — foramen ovale,
f.s. — foramen spinous, l.p.— sagittal line through the middle of the foramen magnum.
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the midline correlates to the length and width of
the skull. The relation is stronger on the right side
in both studied groups.
DISCUSSION
The symmetry of the skull was already studied in
1892 by Scheffer, who measured foetal skulls and
stated that the shape and symmetry of the skull de-
pend on the development of the sphenoid and tem-
poral bones. Other authors’ investigations allow
some basic reasons for asymmetry of the skull to be
distinguished:
1. Some external tendency to asymmetric shapes
may be caused by the intrauterine position of
a foetus (asymmetric location of the auricles,
halves of the nose, the ophthalmic fissure).
Figure 3. Occipital projection in the scale 1:1. The distances between the ovale foramina are longer on the left side in both groups;
f.o. — foramen ovale, f.s. — foramen spinous, l.p.— sagittal line through the middle of the foramen magnum.
Figure 4. Occipital projection in the scale 1:1. The distances between the spinous foramina are longer on the left side in both groups;
f.o. — foramen ovale, f.s. — foramen spinous, l.p.— sagittal line through the middle of the foramen magnum.
151
Iwona Teul et al., Asymmetry of skull foramina
2. Damage to a bone of the skull or a muscle at-
tached to it.
3. Partial atrophy of the skull — secondary to the
pathological brain development.
4. A congenital defect of development of the man-
dible.
5. A defect in ossification connected with the pres-
ence of anomalies of other bones.
6. Asymmetric development of the temporal and
sphenoid bones.
7. Asymmetric development of the brain [1, 3, 7, 8,
10, 11, 16].
Most examinations on face asymmetry proved
that domination of the left side is more common in
the human population [10]. In the research of
Gundara and Zivanovic [7] in 1968, asymmetry was
stated in 98% of the skulls and was observed mainly
in parietal and occipital regions. Lanzieri et al. [10]
observed asymmetry caused mainly by neoplastic
invasion, in contrast to the study by Ginsberg et al.
[6] comparing CT images of the skull. In this study
asymmetry of the Vesalius foramen was not con-
nected with a disease.
The research done in India denies the conception
of skull asymmetry. Jain and Jain [8] proved that both
halves of the skull are symmetrical and any differ-
ences are statistically meaningful. These observations
were confirmed by Skvarilova [16], who showed the
varying character of asymmetry and maintained that
domination of the left or right side was coinciden-
tal. Skvarilova’s [16] research was obtained after
measuring children’s faces and confirmed by the
craniometric analysis of x-ray images of the skulls;
significant differences between sides were found only
in 3 out of 42 x-ray images.
Our studies confirm the conception of the pres-
ence of asymmetry of the skull. In both groups of
skulls, mediaeval and contemporary, the asymmetry
of the ovale and spinous foramina in the size, shape
and distance from the midline was stated. The dis-
tance of both foramina from the anterior margin of
the foramen magnum and the midline is shorter on
the left side. This shows the domination of the right
half of the skull. These results disagree with the
former ones, which showed the dominance of the
left side of the skull. It seems to be curious that the
studied foramina have a smaller area on the domi-
nating side. On the basis of anthropological and sta-
tistical calculation, we noticed the great influence
of the length and width of the skull on the distance
between the spinous and ovale foramina and their
distance from the margin of the foramen magnum.
These results were obtained in both studied groups
of skulls, mediaeval and contemporary, so we can
say that there is a tendency for asymmetry of skulls
to persist over the ages.
Knowledge of topography and of the change-
ability of the position of the ovale and rotundum
foramina is important during operations of the
cavernal sinus, performed by the lateral approach,
which enables some complications to be avoided,
e.g. injury of the trigeminal nerve. It also indicates
some anatomical changes in the bony limits of the
internal carotid artery, which is important in main-
taining the haemodynamic control during operations
of the internal carotid artery [12, 13, 17].
REFERENCES
1. Aslan A, Balyan F, Taibah A (1998) Anatomic relation-
ship between surgical landmarks in type b and type c
infratemporal fossa approaches. Eur Arch Otorhino-
laryngol, 255: 259–264.
2. Cartwright MJ, Kurumety UR, Nelson CC, Frueh BR,
Musch DC (1994) Measurements of upper eyelid and
eyebrow dimension in healthy white individuals. Am J
Ophtalmol, 117: 231–234.
3. Crawford JF (1973) An interesting asymmetry in medi-
eval skull. Br Dental J, 134: 488–490.
4. Czerwiński F, Teul I, Sulisz T (1996) Ocena morfologi-
czna zatok czołowych na podstawie zdjęć radiologi-
cznych czaszek średniowiecznych i współczesnych. Pol
Przegl Radiol, 61: 363–366.
5. Dogra SK, Singh I (1970) Asymmetry in bone weight
in the human upper limbs. Anat Anz Bd, 127: 210–
–212.
6. Ginsberg LE, Prett SW, Chen MY, Elster AD (1994) Skull-
-base foramina of the middle cranial fossa: reassess-
ment of normal variation with high-resolution CT. Am
J Neuroradiol, 15: 283–291.
7. Gundara N, Zivanovic S (1968) Asymmetry in East Af-
rican Skulls. Am J Phys Anthrop, 28: 331–338.
8. Jain KK, Jain BK (1979) Asymmetry in the skull. Acta
Anat, 104: 349–352.
9. Kim JM, Romano A, Sanan A (2000) Microsurgical an-
atomic features and nomenclature of the paraclinoid
region. Neurosurgery, 46: 670–682.
10. Lanzieri CF, Duchesneau PM, Rosenbloom SA, Smith
AS, Rosenbaum AE (1988) The significance of asym-
metry of the foramen Vesalius. Am J Neuroradiol, 9:
1201–1204.
11. Malinowski A, Strzałko J (1985) Antropologia. PWN,
Warszawa–Poznań.
12. Naguib MB, Sanna M (1999) Subtemporal exposure
of the intrapetrous internal carotid artery. An anatom-
ical study with surgical application. J Laryngol Otolo-
gy, 113: 717–720.
13. Narolewski R (2001) Znaczenie zmienności anatomi-
cznej ograniczeń kostnych tętnicy szyjnej wewnętrznej
dla bocznych dostępów chirurgicznych do zatoki
jamistej. PhD Thesis, Szczecin.
152
Folia Morphol., 2002, Vol. 61, No. 3
14. Pirttiniemi P, Kantomaa T (1992) Relation of glenoid
fossa morphology to mandibulofacial asymmetry, stud-
ied in dry human Lapp skulls. Acta Odontol Scand, 50:
235–243.
15. Ras F, Habets L, Van Ginkel F, Prahal-Andersen B (1995)
Method for quantifying facial asymmetry in three di-
mensions using stereophotogrammetry. Anglr Ortho-
dontist, 65: 233–239.
16. Skvarilova B (1994) Facial asymmetry: an X-ray study.
Acta Chirurg Plast, 36: 3, 89–91.
17. Vasquez EP, Verona AG, Porrero G (1999) Carotid canal de-
hiscence in the human skull. Neuroradiology, 41: 447–449.
